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Characterization of carbon reference material
Fig. S1. Differential pore size distribution for the TE7 beads determined from density functional theory analysis of N 2 sorption at 77 K measured using a Micromeritics ASAP 2020 volumetric adsorption analyzer. The mean micropore width from Dubinin-Radushkevich analysis is ~0.7 nm.
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Modeling the excess H 2 uptake to estimate the adsorbed H 2 density Excess isotherms for the MAST TE7 carbon beads were analyzed and modelled using a modification of our previously reported methodology. 19, 20 This modification consists of distinguishing between excess, absolute and total masses of adsorbed H 2 in the pore. The absolute corresponds to the amount of densified adsorbed H 2 , with the total uptake comprising of the absolute as well as the bulk quantity of the gas within the pore. The model includes an adsorbate volume, (which is not necessarily equal to the pore volume), which represents the volume occupied by an adsorbed H 2 phase with a higher density than the bulk H 2 . A fractional filling term, which represents the the ratio between the adsorbate volume and pore volume (θ A = V A /V P ) is modelled using a Type I isotherm. The excess isotherm is fitted using (1) and with the fitted parameters from the excess, we can determine the absolute (2) and the total (3) isotherm.
In equations (1), (2) and (3), m E, m A and m P are the excess, the absolute and the total adsorbed amounts in wt.%, respectively. The densities ρ A and ρ B are the adsorbate and bulk density, respectively, in kg m -3 . The fractional filling is a ratio of the adsorbed and pore volume V P and it is modelled using a Type I equation.
The Type I isotherm used in the analysis was the Tóth 21 (a variation of the Langmuir that account for adsorption heterogeneity), which according to our previous studies, resulted in the best fit to the experimental data. The parameters in the fit (see and results in an estimated density of the adsorbed H 2 phase (ρ A ) of 101 ± 2 kg m -3 .
As a comparison, hydrogen excess isotherms on AX-21 modelled assuming a constant density of adsorbate resulted in calculated adsorbate densities ranging from ~90 kg m -3 at 90 K to ~71 kg m -3 at 120 K.
Evidence for solid-like hydrogen
Elastic line: Dense phases of hydrogen will show an elastic peak contribution at ~0 meV.
See the below backgound-subtracted spectrum from bulk solid normal hydrogen at 10 K.
Note that at 30 K (gaseous hydrogen) the elastic peak is absent. 
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While both solid and dense liquid phases will show an elastic contribution, the elastic line from a liquid will be typically broadened due to quasielastic interactions. At low loading (0.016 MPa H 2 ), the full-width at half-maximum of the elastic peak (~0.3 meV) from the hydrogen in our carbon sample approximated the instrumental peak resolution, indicating that all of hydrogen present had limited mobility.
Note:
The excess width in the elastic line for the sample is a result of self-shielding and multiple scattering effects from the large (>10 cm 3 ) amount of sample in the beam and thick walled-high pressure sample cell, which have a large effect on lower energy peaks. Table S3 ) and thus has no noticable peak in the 14.7 meV region. The samples were evacuated and dosed with 0.1 MPa H 2 and a spectrum was recorded for 700 µA h. 
Comparison of INS integrated intensities and the volumetric excess H 2 uptake
